An aerobic, Gram-stain-negative, spiral or rod-shaped, non-spore-forming, diazotrophic bacterium (strain CC-LY743 T ) was isolated from a fermentative tank in Taiwan. Strain CC-
The genus Azospirillum, which initially comprised two species (Azospirillum lipoferum and Azospirillum brasilense), was first described with the reclassification of 'Spirillum lipoferum', a root-associated nitrogen fixer appearing as vibrioid cells with a single polar flagellum (Tarrand et al., 1978) . This nitrogen-fixing genus is widespread in agricultural soils, where members are frequently associated with grasses, cereals and crops (Bally et al., 1983; Döbereiner & Day, 1976; Kirchhof et al., 1997; Ladha et al., 1987; Patriquin et al., 1983) . Azospirillum rugosum and Azospirillum picis were isolated from oil-contaminated soil and discarded road tar. Azospirillum thiophilum was isolated from a sulfide spring. Azospirillum humicireducens (Zhou et al., 2012) was isolated from a microbial fuel cell.
The versatile genus Azospirillum, which is widely known as comprising free-living nitrogen-fixing plant-growthpromoting rhizobacteria (Okon & Vanderleyden, 1997; Okon & Itzigsohn, 1992) , belongs to the Gram-negative class Alphaproteobacteria. The versatile C-and N-metabolism in this genus makes it well adapted to the rhizospheric environment (Steenhoudt & Vanderleyden, 2000) . The production of plant hormones such as abscisic acid, ethylene, gibberellic acid, indole 3-acetic acid (Bashan et al., 2004) and zeatin (Tien et al., 1979) , plant growth regulatory substances such as polyamines (Thuler et al., 2003) , osmotic stress response in plants (Aziz et al., 1997) , phosphate solubilization (Seshadri et al., 2000) , and siderophore production (Saxena et al., 1986 ) make species of the genus Azospirillum attractive biofertilizers and they are commonly used in field tests (Steenhoudt & Vanderleyden, 2000) .
While investigating bacterial diversity in a fermentative tank (greenhouse set up at the National Chung Hsing University, Taichung, Taiwan), strain CC-LY743
T was isolated from the fermentative medium; approximately 100 ml fermentation broth was spread on nutrient agar (NA; Hi-Media) by using the standard tenfold dilution plating technique. After 3 days of aerobic incubation at 30 u C, a cream-coloured colony was purified and preserved at 280 u C as a glycerol suspension. T were purchased from their respective culture collection centres as reference strains. For direct comparative analysis, all these strains were grown on NA at 30 u C for 2 days, unless specified otherwise. Additionally, the new isolate was subsequently cultivated on nitrogen-free broth (NFB) agar (Reinhold et al., 1987) and R2A agar (Oxoid) to determine its morphological characteristics. Colony morphology and the presence of flagella were investigated using colonies/cells grown on NA for 72 h. The present work was undertaken to study the taxonomic status of a newly isolated diazotrophic bacterium, which was isolated from a fermenter.
Cell morphology was studied by transmission electron microscopy (JEM-1400; JEOL) after staining with 0.2 % uranyl acetate as well as by light microscopy (model A3000; Zeiss). Gram-staining was performed as described by Murray et al. (1994) . Growth was tested using nutrient broth (NB; Hi-Media) at 20-50 u C (5 u C increments) and pH 5-10 (1 pH unit increments). Salt tolerance was determined by cultivating the organism in NB supplemented with NaCl at final concentrations of 0-5 % (1 % increments). Catalase activity was determined by assessing bubble production by cells in 3 % (v/v) H 2 O 2 and oxidase activity was determined by using 1 % (w/v) N,N,N9,N9, -tetramethyl-1,4-phenylenediamine reagent (bioMérieux). Analyses of biotin requirement were carried out by filtering into NFB agar to determine growth. Intracellular poly-bhydroxybutyrate granules were detected with different methods, including Sudan Black staining (Schlegel et al., 1970) and Nile blue A staining (Ostle & Holt, 1982) , which result in dark blue or fluorescent granules. A DNase test was conducted by using DNase test agar (Hi-Media). Carbon source utilization patterns were determined by using Biolog GN2 microplates. Nitrate reduction, indole production, activities of b-galactosidase and urease, hydrolysis of aesculin and gelatin, and assimilation of 12 substrates were tested with API 20 NE strips. The activities of various enzymes were determined by using the API ZYM system (bioMérieux).
The acetylene-reduction assay described by Hardy et al. (1973) was used to determine nitrogen-fixing ability. Vials (30 ml) containing 10 ml semisolid NFB medium were inoculated with strain CC-LY743 T , sealed with rubber septa and incubated at 30 u C in the dark. After 72 h, 10 % (v/v) of the air phase was replaced with acetylene (Koch & Evans, 1966) and the vials were reincubated. The amount of ethylene was measured over 24 h by using a gas chromatograph (FID gas chromatograph, model 163; Hitachi) equipped with a flame-ionization detector and a packed column (1.0 m62.0 mm i.d., steel column packed with Porapak-T 80-100). Conditions of analysis were: carrier gas, nitrogen; flow rate, 35 ml h
21
; temperature of the flameionization detector, 110 u C; column temperature, 65 u C.
Cells of strain CC-LY743
T were Gram-stain-negative, spiral-shaped, 2.4-2.6 mm in length and 1.0-1.2 mm in diameter ( Fig. S1 available in IJSEM Online). Colonies were circular, smooth, raised and pale yellow after 2 days of incubation on NA and R2A agar. After 1 week, colonies become irregular and crateriform. Poly-b-hydroxybutyrate granules were observed under light microscopy and visualized by UV illumination after directly staining growing bacteria on plates containing Nile blue A. In NB, strain CC-LY743
T was able to grow at 20-37 u C and pH 6.0-8.0. It tolerated up to 3.0 % (w/v) NaCl. Strain CC-LY743
T was able to reduce acetylene to ethylene with a mean value of 10.6 nmol ethylene h 21 (10 8 cells) at 30 u C. Free-living nitrogen fixing activity was also compared with those of Azospirillum formosense CC-Nfb-7
T (Lin et al., 2012) , A. picis IMMIB TAR-3 T (Lin et al., 2009 ) and A. rugosum IMMIB AFH-6 T (Young et al., 2008) , which had values of 25, 93 and 18 nmol ethylene h 21 , respectively. In the biochemical tests, seven strains in this study were positive for: catalase and oxidase activity; utilization of pyruvic acid methyl ester and succinic acid; assimilation of malic acid; activity of alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, acid phosphatase and naphthol-AS-BIphosphohydrolase; and nitrate reduction. They were negative for indole production and gelatin hydrolysis. In this study, strain CC-LY743
T and the other seven reference species were able to utilize L-arabinose, glycerol, pyruvic acid methyl ester, D-gluconic acid, b-hydroxybutyric acid, DLlactic acid, succinic acid, L-glutamic acid and D-fructose as carbon sources, but not sucrose, L-rhamnose, maltose or lactose. Additionally, strain CC-LY743
T could be distinguished from the reference strains based on its NaCl tolerance range, utilization of i-erythritol, D-fructose, Lrhamnose, sucrose, trehalose, turanose, D-glucosaminic acid, a-ketobutyric acid, succinamic acid and 2,3-butanediol, positive trypsin and a-chymotrypsin enzyme activities, and inability to assimilate D-glucose, L-arabinose or potassium gluconate. A comparison of the phenotypic properties between strain CC-LY743
T and the type strains of recognized species in the genus Azospirillum is given in Table 1 . The detailed phenotypic characteristics of strain CC-LY743
T are given in the species description.
Bacterial genomic DNA was isolated by using UltraClean Microbial Genomic DNA Isolation kits (MO BIO) following the manufacturer's instructions. The extracted DNA was used as a template to amplify the genus-specific fragment and 16S rRNA gene. PCR was performed with bacterial universal primers 1F (59-GAGTTTGATCATGGC-TCAGA-39) and 9R (59-AAGGAGGTGATCCAACCGCA-39); primers 3F (59-CCTACGGGAGGCAGCAG-39), 5F (59-AAACTCAAATGAATTGACGGGG-39) and 4R (59-TTAC-CGCGGCTGCTGGCAC-39) were used in the sequencing reaction (Edwards et al., 1989) . The nifH gene was amplified by PCR using the primer set PolF (59-TGCGAYCCSAARG-CBGACTC-39) and PolR (59-ATSGCCATCATYNTCRCC-GGA-39) and the conditions described by Poly et al. (2001) . The expected size of the product was about 360 bp.
The genus-specific PCR primer pair Azo494-F/Azo756-R was designed and used for rapid identification of the genus Azospirillum (Lin et al., 2011) . The forward primer Azo494-F and reverse primer Azo756-R were used to amplify a genus-specific fragment 263 bp in length. In this study, the genus-specific primer pair amplified the expected fragment with the template DNA isolated from strain CC-LY743 T ; it also demonstrated that strain CC-LY743 T belongs to the genus Azospirillum.
Gene sequencing was performed by using the BigDye terminator kit (Heiner et al., 1998) , and the nucleotide sequence of the PCR product was determined by an automatic DNA sequencer (ABI PRISM 310; Applied Biosystems) (Watts & MacBeath, 2001 ). Obtained DNA sequences were then assembled using the Fragment Assembly System program from the Wisconsin Package (GCG, 1995) . For identification, the almost-complete 16S rRNA gene sequences (1448 bp) of strains were submitted to the EzBioCloud server (EzTaxon-e Database, Kim et al., 2012) and NCBI for BLAST searches. Subsequently, closely related 16S rRNA gene sequences were retrieved from the EzTaxon-e Database or GenBank and aligned by using the CLUSTAL X (1.83) program (Thompson et al., 1997) .
Phylogenetic analysis was performed with MEGA 5 software (Tamura et al., 2011) and the topologies of the resultant neighbour-joining, maximum-likelihood and maximumparsimony trees were evaluated by bootstrap analyses (Felsenstein, 1985) after 1000 replications.
Comparison of the 16S rRNA gene sequence of strain CC-LY743 T revealed highest similarity to A. picis DSM 19922 T (96.1 %), A. oryzae JCM 21588 T (96.0 %) and A. rugosum DSM 19657 T (96.0 %), with lower levels of similarity (,96.0 %) to other species. These similarity values suggested that strain CC-LY743
T could be considered as representing a novel species as sequence divergence values of ¢3 % are recommended to be strong evidence that the organisms are not related at the species level (Stackebrandt & Goebel, 1994) . The phylogenetic trees reconstructed with the neighbour-joining (Saitou & Nei, 1987) , maximumlikelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971 ) methods by using 16S rRNA gene sequences Lavrinenko et al. (2010) . DData from Mehnaz et al. (2007) .
are shown in Fig. 1 For the analysis of DNA G+C content, DNA samples were prepared and degraded enzymically into nucleosides as described by Mesbah et al. (1989) . The nucleoside mixtures obtained were then separated and analysed via HPLC [Hitachi L-2130 chromatograph equipped with Hitachi L-2200 autosampler, Hitachi L-2455 diode array detector, and a reversed-phase C18 column (Phenomenex Synergi 4 m Fusion-RP80 25064.60 mm)]. Isoprenoid quinones were purified according to Minnikin et al. (1984) and analysed by HPLC as described by Collins (1985) . For the extraction of fatty acid methyl esters, strain CC-LY743 T and the reference type strains were cultured simultaneously on NA for 48 h at 30 u C. Most of the type strains exhibited similar growth rates (except A. oryzae JCM 21588 T incubated for 72 h) on NA. Harvested biomasses were subjected to saponification, methylation and extraction (Miller, 1982) . Fatty acid methyl esters were prepared, separated and identified according to the standard protocol (Paisley, 1996) of the Microbial Identification System (MIDI) (Sasser, 1990 ) using a gas chromatograph (Agilent 7890A) fitted to a flame-ionization detector. Identification and comparison were made by using the Aerobe (RTSBA6) database of the MIDI System (Sherlock version 6.0). The DNA G+C content of strain CC-LY743 T was 69.6± 0.1 mol% (mean±SD of n determinations). The predominant quinone system was ubiquinone 10 (Q-10). The major fatty acids in strain CC-LY743
T were n-C 16 : 0 , C 19 : 0 cyclo v8c, C 14 : 0 3-OH/C 16 : 1 iso I, C 16 : 1 v7c/C 16 : 1 v6c and C 18 : 1 v7c/C 18 : 1 v6c. The high amount of n-C 16 : 0 differentiated the novel strain from the type strains of all other recognized species of the genus ( Table 2 ). The fatty acid profile of strain CC-LY743
T was similar to those for recognized species of the genus Azospirillum.
Based on the distinct phylogenetic, phenotypic, biochemical and chemotaxonomic data provided, strain CC-LY743 is considered to represent a novel species of the genus Azospirillum, for which the name Azospirillum fermentarium sp. nov. is proposed.
Description of Azospirillum fermentarium sp. nov.
Azospirillum fermentarium (fer.men.ta9ri.um. L. neut. adj. fermentarium pertaining to fermentation, reflecting the fact that the type strain was isolated from a fermentative tank).
Cells are Gram-stain-negative, spiral shaped, 2.4-2.6 mm in length and 1.0-1.2 mm in diameter. Motile via a single polar flagellum; oxidase-and catalase-positive. Cells can grow on nitrogen-free medium, in NB medium and on R2A agar. Colonies are circular, smooth, raised and creamcoloured after 2 days of incubation on NA. Grows at 20-37 u C (optimum 30 u C), at pH 6.0-8.0 (optimum pH 7.0) and with 0-3 % (w/v) NaCl. Positive for nitrogen fixation, with activity of 10.6 nmol ethylene h
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. Biotin is not necessary for growth. The following carbon sources are utilized in the Biolog GN-II system: Tween 40, i-erythritol, L-fucose, D-galactose, myo-inositol, maltose, L-rhamnose, D-sorbitol, sucrose, trehalose, turanose, pyruvic acid methyl ester, succinic acid monomethyl ester, acetic acid, formic acid, D-galactonic acid lactone, D-gluconic acid, Dglucosaminic acid, D-glucuronic acid, a-hydroxybutyric acid, itaconic acid, a-ketobutyric acid, succinic acid, bromosuccinic acid, succinamic acid, L-glutamic acid, DLcarnitine, c-aminobutyric acid, uridine, 2-aminoethanol and 2,3-butanediol. Alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase and b-glucosidase are present in the API ZYM system. Positive for nitrate and nitrite reduction. Negative for indole production and gelatin hydrolysis. Assimilates N-acetylglucosamine, capric acid and malic acid in the API 20NE system. The fatty acid profile consists mainly of straight-chain saturated and unsaturated fatty acids, with C 18 : 1 v7c/C 18 : 1 v6c as the major component, and major hydroxyl fatty acids are C 16 : 0 3-OH and C 18 : 0 2-OH. The predominant quinone system is ubiquinone 10 (Q-10).
The type strain, CC-LY743 T (5BCRC 80505 T 5JCM 18688 T 5LMG 27264 T ), was isolated from a fermentative tank in Taiwan. The DNA G+C content of the type strain is 69.6±0.1 mol%. 
